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LIGHT EMISSION METHOD, LIGHT EMITTING APPARATUS AND 
PROJECTION DISPLAY APPARATUS 



Technical Field 
[0001] 

The present invention relates to a light emission 
method of a light source, a light emitting apparatus and 
the like, which are used in a projection display apparatus 
of projecting a large size image onto a screen using a 
light generating instrument as a light source, a light 
modulation element, a projection lens as a projection 
instrument, and the like. 



Background Art 
[0002] 

In recent years, projection display apparatuses 
(projectors) using various kinds of light modulation 
elements have received attention as projection imaging 
devices capable of providing large size display. These 
projection display apparatuses illuminate a light 
modulation element capable of being optically modulated 
by a transmission or reflection liquid crystal, a DMD 
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(digital micro-mirror device) capable of changing a 
reflection direction by very small mirrors arranged in 
the form of an array, or the like with light emitted from 
a light source as a light generating instrument, form 
an optical image corresponding to an image signal from 
the outside on the light modulation element, and project, 
at an enlarged scale, an optical image being illuminating 
light modulated by the light modulation element onto a 
screen by a projection lens. 
[0003] 

As important optical characteristics of the 
projected large size image, there are a brightness of 
light emitted from the projection lens, a uniformity of 
brightness, a color reproducibility, i.e. a capability 
of more faithfully reproducing single colors such as red, 
green and blue, and colors such as white obtained by 
chromatic synthesis of the three colors, and the like. 
[0004] 

In addition, recently, as a projection display 
apparatus, comprehensive capabilities required as a 
general image display apparatus, such as an instantaneous 
lighting capability of reducing time taken until the 
brightness of an image displayed on a screen reaches a 
maximum brightness after the power is tuned on, an easiness 
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of installation, and a portability for conveyance or the 
like, have received attention as important items. 
[0005] 

A conventional projection display apparatus using 
a light source unit 403 using a white lamp 401 such as 
an ultra-high pressure mercury lamp, an illumination unit 
35 formed using an optical instrument allowing uniform 
illumination, a reflection display element 41 as a light 
modulation element and a projection lens 51 is shown in 
Figure 8. 
[0006] 

As an optical instrument allowing uniform 
illumination, a hallow cylindrical rod integrator 32 
formed from a glass column or laminated mirrors is used. 
In this rod integrator 32, light incident from an opening 
on the incidence side is totally reflected and reflected 
at the mirror surface repeatedly to propagate through 
the rod, and a uniform light flux is emitted from an opening 
on the exit side. Furthermore, by using an illumination 
unit 35 using an optical instrument such as a lens 33, 
a mirror and a prism 36 in combination, a highly uniform 
light flux can be illuminated onto the reflection display 
element 4 1 . 
[0007] 
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It is known that uniform illumination onto the display 
element can also be performed by using a lens array having 
a plurality of lenses arranged two-dimensionally as an 
optical instrument allowing uniform illumination. 
[0008] 

Here, an optical system using the illumination unit 
35 by the rod integrator 32 is shown in the figure, and 
the entire optical system of the projection display 
apparatus is described. 
[0009] 

Light emitted from the lamp 401 as an optical 
instrument is collected at a reflector 402 which is light 
collecting instrument. A light flux emitted from an 
opening of the reflector 402 at this time is a light flux 
having a large difference in luminance between an area 
near the center of the light flux and a peripheral area. 
Then, a uniform flux is emitted from an opening on the 
exit side due to the rod integrator 32 described above. 
The light flux emitted from the rod integrator 32 
propagates light to a position at which the reflection 
display element 41 capable of forming an image by light 
modulation, by the illumination unit 35 such as the lens 
33, the mirror and the prism 36, such that the light becomes 
a light flux having a size suitable for an effective region 
of the reflection display element 41. 
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[0010] 

Traditionally, the white lamp 401 used as a general 
light source emits white light, but if white light 
illuminates the reflection display element 41 and a light 
flux modulated by the reflection display element 41 is 
projected onto a screen via the projection lens 51, only 
images of white and black, i.e. gray scales are output. 
Thus, in the case that color images are to be displayed, 
it is necessary to separate white light into three primary 
colors of red, green and blue and chromatically synthesize 
light fluxes of three colors again. 
[0011] 

Thus, white light emitted from the white lamp 401 
is separated into three primary colors of light by 
illuminating the display element with colors of red, green 
and blue in a time sequence by rotating a color separation 
filter called a color wheel 411 in a predetermined cycle 
within a period for display of one image, and images of 
respective colors formed by one reflection display 
element 41 are projected onto a screen during a period 
for illumination with light of respective colors to 
realize a color image. In Figure 8, the color wheel 411 
is inserted between the lens 31 and the rod integrator 
32 as a color separation filter 21. 
[0012] 
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In this projection display apparatus, an image 
displayed within a period for formation of one screen 
(about 17 milliseconds for image display of NTSC and the 
like) produces an illusion as if images of different colors 
glittered at the same time because light caught by eyes 
is recognized or a certain time even if the image is an 
image displayed with different colors, and thereby a color 
image can be displayed. 
[0013] 

In this way, a color image formed by the reflection 
display element 41 is displayed on a screen in a large 
size, brightly and highly uniformly. 
[0014] 

In recent years, in the above-mentioned conventional 
optical system, instead of the white lamp 4 01 using mainly 
an ultra-high pressure mercury lamp, a projection display 
apparatus formed using a light source, called a solid 
light source such as a light emitting diode 1, emitting 
single-color light as shown in Figure 10, or the like, 
is known (e.g. see "Performance of High Power LED 
Illuminators in Color Sequential Projection Displays". ; 
Gerard Harbers, et at al . IDW f 03 pp 1585-1588). The 
projection display apparatus shown in Figure 10 is 
comprised of a light source unit 4 comprising a red light 
emitting diode 1 (a) and a lens 2(a) of collecting light 



fluxes emitted from the light source, a green light 
emitting diode 1(b) and a lens 2(b) of collecting light 
fluxes emitted from the light source, a blue light emitting 
diode 1(c) and a lens 2(c) of collecting light fluxes 
emitted from the light source, a cross prism 3 of 
synthesizing light fluxes of the light sources, an 
illumination unit 35 using lenses 31, 33, 34 allowing 
a light flux to be shaped and uniformed according to an 
illumination region, a rod integrator 32 allowing highly 
uniform illumination, and a prism 36 guiding light 
transmitted through the lens 34 to a reflection display 
element 41, the reflection display element 41 as a light 
modulation element modulating illuminating light, and 
a projection lens 51. 
[0015] 

For solid light sources such as light emitting diodes 
1(a) to 1(c) emitting single-color light, it is known 
that startup time taken until almost all light outputs 
corresponding to a power are emitted after the power is 
supplied, or startup time taken until almost all light 
outputs no longer exist after the supply of power is stopped 
is 1 microsecond or less, which is very short compared 
to the conventional white lamp 401. Namely, the light 
emitting diode has an advantage that the switching between 
light-up and light-out can be done instantaneously. 
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[0016] 

In addition, the light emitting diode can emit 
single-color light, and therefore it is unnecessary to 
take the trouble to chromatically separate emitted light. 
Thus, as shown in the light emitting diodes 1(a) to 1(c) 
shown in Figure 10, light emitting diodes emitting red 
light (having a wavelength of about 600 to 700 nm) , green 
light (having a wavelength of about 500 to 570 nm) and 
blue light (having a wavelength of about 430 to 4 90 nm) , 
respectively, are used as light sources, and each diode 
is lighted up and lighted out repeatedly in a predetermined 
cycle under control from a control instrument (not shown) , 
whereby a color image can be displayed as in the pro j ection 
display apparatus of Figure 8. It is known that this 
projection display apparatus does not require the color 
separation filter 21 such as the color wheel 411 for color 
separation used in the optical system having the 
conventional white lamp 401 as a light source, thus making 
it possible to form a projection display apparatus having 
a further optical system. 
[0017] 

The above described projection display apparatus 
having, as a light source, solid light sources such as 
light emitting diodes 1(a) to 1(c) has the problems 
described below. 
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[0018] 

That is, in the projection display apparatus shown 
in Figure 10, it is desired that a white color made by 
synthesizing three colors of red, green and blue should 
be adjusted so as to obtain light having a white color 
on a trail of black body radiation at a color temperature 
of 5000 to 10000 K, or very near the trail, and a white 
color significantly deviated from this range degrades 
the quality of a projected image. In this way, in light 
having a white color on a trail of black body radiation 
at a color temperature of 5000 to 10000 K, or very near 
the trail, the ratio of the radiant quantities of red, 
green and blue is often approximately 1:1:1 although it 
more or less varies depending on the main wavelength and 
the spectral bandwidth of a light source used. However, 
red light, green light and blue light are mutually 
different inbrightness sensed by naked eyes . Generally, 
if the ratio of red light, green light and blue light 
having the same radiant intensity is represented by a 
ratio of brightness sensed by humans (hereinafter 
referred to as light amount), it is often red: green: 
blue = about 3:7:1, for example. Thus, when the white 
color is balanced, it is preferable that the ratio of 
the light amounts is, for example, red: green: blue = 
about 3:7:1. 
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[0019] 

On the other hand, there is a problem as described 
below . 
[0020] 

The light amount of a light emitting diode emitting 
light from light emitting portions of almost same size, 
which is commercially available from Lumileds Co., Ltd. 

(U.S.), which is one of manufactures of light emitting 
diodes that can currently emit maximum outputs, is about 
4 4 lumens for red, about 80 lumens for green and about 
18 lumens for blue, and the ratio of the light amounts 
is red: green : blue = about 2 : 4 : 1 in which the light amounts 
of red and green light are small, and thus it does not 
coincide with the allocation ratio described above. 

[0021] 

Thus, for light emission by such a light emitting 
diode, almost unique adjustment of the light amount is 
required in color synthesis, and an appropriate white 
color is obtained by adjusting the light amount in the 
following way. 
[0022] 

A first control method adjusts the light intensities 
(referring to the momentary light amount as in the 
description below) of light emitting diodes of respective 
colors as shown in Figure 11. Specifically, control is 
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performed so that the light emitting diode of green is 
made to emit light at a maximum intensity, while the light 
intensities of the light emitting diode of red and the 
light emitting diode of blue are each lower than the maximum 
light intensity. The periods of light emission for red, 
green and blue light emitting diodes in Figure 11 are 
the same with the period T for display of one image (about 
17 milliseconds for image display of NTSC) divided into 
three equal periods. Under this condition, the light 
amounts of respective light are represented by the areas 
(products of light intensities and light emission 
periods) of a region 501 of the red light emitting diode 
1 (a) , a region 502 of the green light emitting diode 1 (b) 
and a region 503 of the blue light emitting diode 1(c), 
and the ratio thereof gives an allocation ratio allowing 
for a specific sensitivity of naked eyes. 
[0023] 

However, in the adjustment shown in Figure 11 in which 
the light emission period is fixed and the light intensity 
is made variable, the light intensity of the green light 
emitting diode 1 (b) is determined to be a maximum light 
intensity and on the basis thereof, the light intensities 
of other light emitting diodes are determined. Thus, the 
maximum light intensity of the green light emitting diode 
1 (b) restricts the light intensities of all the light 



- 12 - 

emitting diodes, and it is difficult to further increase 
the light amount in a state in which a high color 
reproducibility of white light is attained. 
[0024] 

The value of the maximum light intensity of each color 
is a maximum light emission intensity obtained under 
conditions such as the amount of current within the range 
not destroying the light emitting portion of the light 
emitting element, product specifications, and the 
temperature requirement and the amount of current to be 
met for prolonging the lifetime- 
[0025] 

Thus, a second control method described below is 
carried out. Control is performed so that all the light 
emitting diodes of red, green and blue are made to emit 
light at a maximum light intensity, while each light 
emitting diode is made to have a different light emission 
period and the green light emitting diode with a smaller 
light amount ismade tohave a longer light emission period, 
as shown in Figure 12 . Specifically, control is performed 
so that in a period T for display of one image, a light 
emission period Gt for the green light emitting diode 
is longer than one third of the period T for display of 
one image, light emission periods Rt and Bt for other 
light emitting diodes are shorter than the light emission 
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period Gt (the light emission period for the blue light 
emitting diode is shorter than the light emission period 
for the red light emitting diode) . As in Figure 11, the 
light amounts of respective light sensed by naked eyes 
are represented by the areas of a region 511 of the red 
light emitting diode, a region 512 of the green light 
emitting diode and a region 513 of the blue light emitting 
diode, and the ratio thereof gives an allocation ratio 
(e.g. 3:7:1) allowing for a specif ic sensitivity of naked 
eyes . 
[0026] 

For the example shown in Figure 11 and the example 
shown in Figure 12, the ratio of the areas (light amounts) 
for red, green and blue is the same, but the absolute 
value, i.e. the area of the regions (light amount) is 
greater in Figure 12. Thus, a larger light amount can 
be obtained while the allocation ratio of respective 
colors is maintained. 
[0027] 

However, in the adjustment shown in Figure 12 in which 
the light emission period is made variable and the light 
intensity is fixed, it is the green light that is the 
greatest in light amount among red, green and blue colors 
as described above, and therefore if the lighting period 
for the green light emitting diode is prolonged for 
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increasing the light amount of green in order to increase 
the brightness of emitted light as the projection display 
apparatus, the white color becomes a greenish white color . 
That is, lighting over aperiod longer than a predetermined 
lighting .period has a problem of degradation in color 
reproducibility for the white color. 
[0028] 

As described above, in a light source using a solid 
light source, such as light emitting diodes, capable of 
emitting single-color light, it is difficult to increase 
the light amount and also maintain a color 
reproducibility . 
[0029] 

The present invention has been made in view of the 
above problems, and its object is to obtain a light emission 
method of a light source and a light emitting apparatus 
capable of increasing the light amount while maintaining 
a color reproducibility, a projection display apparatus 
using the same, and the like. 

Disclosure of the Invention 
[0030] 

In order to achieve the above-mentioned object, the 
1 st aspect of the present invention is a light emission 
method of a light source for imaging in which light as 
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a light source for imaging is emitted using a first light 
generating instrument of emitting red light, a second 
light generating instrument of emitting green light and 
a third light generating instrument of emitting blue light, 
said method comprising: 

a first light emitting step of making said first light 
generating instrument emit light in a first light emission 
period; 

a second light emitting step of making said second 
light generating instrument emit light in a second light 
emission period; 

a third light emitting step of making said third light 
generating instrument emit light in a third light emission 
period; and 

a fourth light emitting step of making said first 
light generating instrument, said second light generating 
instrument and said third light generating instrument 
emit light at the same time in a fourth light emission 
period, in a period for display of one image, 

wherein at least one of the durations of said first 
light emission period, said second light emission period 
and said third light emission period is made different 
from others . 
[0031] 
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Further, the 2 nd aspect of the present invention is 
the light emission method according to the 1 st aspect of 
the present invention, wherein at least any one of the 
three controls: 

control to make the light intensity of said first 
light generating instrument different for said first 
light emission period and said fourth light emission 
period; 

control to make the light intensity of said second 
light generating instrument different for said second 
light emission period and said fourth light emission 
period; and 

control to make the light intensity of said third 
light generating instrument different for said third 
light emission period and said fourth light emission 
period 

is performed. 
[0032] 

Further, the 3 rd aspect of the present invention is 
the light emission method according to the 2 nd aspect of 
the present invention, wherein a ratio of the light amount 
of said first light generating instrument in said first 
light emission period, the light amount of said second 
light generating instrument in said secondlight emission 
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period and the light amount of said third light generating 
instrument in said third light emission period, 

and a ratio of the light amount of said first light 
generating instrument, the light amount of said second 
light generating instrument and the light amount of said 
third light generating instrument in said fourth light 
emission period are made substantially the same. 
[0033] 

Further, the 4 th aspect of the present invention is 
the light emission method according to the 1 st aspect of 
the present invention, wherein said first light emission 
period, said second light emission period, said third 
light emission period and said fourth light emission 
period are assigned to said period for display of one 
image in a continuous or discontinuous manner. 
[0034] 

Further, the 5 th aspect of the present invention is 
the light emission method according to the 4 th aspect of 
the present invention, wherein said first light emission 
period,, said second light emission period and said third 
light emission period are assigned to said period for 
display of one image in this order or in no particular 
order in a continuous or discontinuous manner, and said 
fourth light emission period is assigned so as to be 
inserted in a period after one round of said first light 
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emission period, said second light emission period and 

said third light emission period, 

[0035] 

Further, the 6 th aspect of the present invention is 
the light emission method according to the 4 th aspect of 
the present invention, wherein said fourth light emission 
period is divided into divided periods, and the divided 
periods are assigned for display of one image so as to 
be inserted between at least one pair of light emission 
periods of said first light emission period, said second 
light emission period and said third light emission 
period. 
[0036] 

Further, the 7 th aspect of the present invention is 
a light emitting apparatus of emitting light as a light 
source for imaging, comprising: 

a first light generating instrument for emitting red 
light ; 

a second light generating instrument for emitting 
green light; 

a third light generating instrument for emitting blue 
light; and 

a control instrument for controlling light emission 
by said first to third light generating instrument so 
that 
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a first light emitting step of making said first light 
generating instrument emit light in a first light emission 
period; 

a second light emitting step of making said second 
light generating instrument emit light in a second light 
emission period; 

a third light emitting step of making said third light 
generating instrument emit light in a third light emission 
period; and 

a fourth light emitting step of making said first 
light generating instrument, second light generating 
instrument and third light generating instrument emit 
light at the same time in a fourth light emission period 
are carried out in a period for display of one image, 

wherein said control instrument performs control to 
make at least any one of the durations of said first light 
emission period, said second light emission period and 
said third light emission period different from others. 
[0037] 

Further, the 8 th aspect of the present invention is 
the light emitting apparatus according to the 7 th aspect 
of the present invention, wherein said control instrument 
performs at least any one of : 

control to make the light intensity of said first 
light generating instrument different for said first 
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light emission period and said fourth light emission 
period; 

control to make the light intensity of said second 
light generating instrument different for said second 
light emission period and said fourth light emission 
period; and 

control to make the light intensity of said third 
light generating instrument different for said third 
light emission period and said fourth light emission 
period. 
[0038] 

Further, the 9 th aspect of the present invention is 
the light emitting apparatus according to the 7 th aspect 
of the present invention, wherein said control instrument 
performs control to make substantially the same a ratio 
of the light amount of said first light generating 
instrument, the light amount of said second light 
generating instrument and the light amount of said third 
light generating instrument in said first light emission 
period, said second light emission period and said third 
light emission period, and a ratio of the light amount 
of said first light generating instrument, the light 
amount of said second light generating instrument and 
the light amount of said third light generating instrument 
in said fourth light emission period. 
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[0039] 

Further, the 10 th aspect of the present invention is 
the light emitting apparatus according to the 7 th aspect 
of the present invention, wherein said control instrument 
performs control to assign said first light emission 
period, said second light emission period, said third 
light emission period and said fourth light emission 
period to said period for display of one image in a 
continuous or discontinuous manner. 
[0040] 

Further, the 11 th aspect of the present invention is 
the light emitting apparatus according to the 10 th aspect 
of the present invention, wherein said control instrument 
performs control to assign said first light emission 
period, said second light emission period and said third 
light emission period to said display period for position 
image in this order or in no particular order in a 
continuous or discontinuous manner, and assign said 
fourth light emission period so as to be inserted in a 
period after one round of said first light emission period, 
said second light emission period and said third light 
emission period. 
[0041] 

Further, the 12 th aspect of the present invention is 
the light emitting apparatus according to the 10 th aspect 
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of the present invention, wherein said control instrument 
performs control to divide said fourth light emission 
period, and assign the divided periods to said period 
for display of one image so as to be inserted between 
at least one pair of light emission periods of said first 
light emission period, said second light emission period 
and said third light emission period. 
[0042] 

Further, the 13 th aspect of the present invention is 
a projection display apparatus comprising: 
a light source; 

a light collecting system collecting light from said 
light source; 

a light modulation element modulating light 
collected by said light collecting system; and 

a projection instrument of projecting light 
modulated by said light modulation element, 

wherein said projection display apparatus has the 
light emitting apparatus according to the 7 th aspect of 
the present invention as said light source. 
[0043] 

Further, the 14 th aspect of the present invention is 
a program of making a computer function as a control 
instrument of controlling light emission by said first 
to third light generating instrument so that 
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a first light emitting step of making said first light 
generating instrument emit light in a first light emission 
period; 

a second light emitting step of making said second 
light generating instrument emit light in a second light 
emission period; 

a third light emitting step of making said third light 
generating instrument emit light in a third light emission 
period; and 

a fourth light emitting step of making said first 
light generating instrument, second light generating 
instrument and third light generating instrument emit 
light at the same time in a fourth light emission period 
are carried out in a period for display of one image of 
the light emitting apparatus according to the 8 th aspect 
of the present invention. 
[0044] 

Further, the 15 th aspect of the present invention is 
a recording medium in which the program according to the 
14 th aspect of the present invention is recorded, wherein 
said recording medium is capable of being processed by 
a computer. 
[0045] 

According to the present invention, in a light source 
emitting single-color light represented by a solid light 
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source such as a light emitting diode, a light amount 
is increased while a color reproducibility is maintained. 

Brief Description of the Drawings 
[0046] 

Figure 1 is a view showing a first example of outlined 
configurations of a light emitting apparatus according 
to the embodiment of the present invention and a pro j ection 
display apparatus including the light emitting apparatus; 

Figure 2 is a view showing a first example of the 
intensity and time schedule of light of each color output 
from the light emitting apparatus included in the 
projection display apparatus according to the embodiment 
of the present invention; 

Figure 3 is a view showing a second example of the 
intensity and time schedule of light of each color output 
from the light emitting apparatus included in the 
projection display apparatus according to the embodiment 
of the present inventions- 
Figure 4 is a view showing a third example of the 
intensity and time schedule of light of each color output 
from the light emitting apparatus included in the 
projection display apparatus according to the embodiment 
of the present invention; 
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Figure 5 is a view showing a fourth example of the 
intensity and time schedule of light of each color output 
from the light emitting apparatus included in the 
projection display apparatus according to the embodiment 
of the present invention; 

Figure 6 is a view showing a fifth example of the 
intensity and time schedule of light of each color output 
from the light emitting apparatus included in the 
projection display apparatus according to the embodiment 
of the present invention; 

Figure 7 is a view showing a second example of an 
outlined configuration of the light emitting apparatus 
included in the projection display apparatus according 
to the embodiment of the present invention; 

Figure 8 is a view showing a first example of an 
outlined configuration of the conventional projection 
display apparatus ; 

Figure 9 is a view showing one example of an outlined 
configuration of a color wheel for use in the conventional 
projection display apparatus; 

Figure 10 is a view showing a second example of an 
outlined configuration of the conventional projection 
display apparatus ; 



Figure 11 is a view showing a first example of the 
intensity and time schedule of light of each color output 
from the conventional display apparatus; and 

Figure 12 is a view showing a second example of the 
intensity and time schedule of light of each color output 
from the conventional display apparatus. 

Description of Symbols 
[0047] 

1(a) red light emitting diode 
1 (b) green light emitting diode 
1(c) blue light emitting diode 



2 (a) 


lens 


2 (b) 


lens 


2 (c) 


lens 


3 


cross prism 


4 


light emitting unit 


10 


control instrument 


21 


color separation filter 


31 


lens 


32 


rod integrator 


33 


lens 


34 


lens 


35 


illumination unit 


36 


prism 



41 display element 
51 projection lens 

101 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
emission of single-color light by the red light emitting 
diode 1(a) 

102 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
emission of single-color light by the green light emitting 
diode 1 (b) 

103 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
emission of single-color light by the blue light emitting 
diode 1(c) 

104 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
simultaneous emission of light of three colors by the 
red light emitting diode 1(a) 

105 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
simultaneous emission of light of three colors by the 
green light emitting diode 1(b) 

106 region representing the light amount shown by a 
product of a light intensity and a lighting period during 
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simultaneous emission of light of three colors by the 
blue light emitting diode 1 (c) . 

Best Mode for Carrying Out the Invention 
[0048] 

Embodiments of the present invention will be 
described below with reference to the drawings. 
(Embodiments) 

An outlined configuration of a projection display 
apparatus according to the embodiment of the present 
invention is shown in Figure 1. 
[0049] 

The apparatus of Figure 1 is comprised of a light 
source unit 4 comprising a red light emitting diode 1 (a) 
as a red light source and a lens for red light 2 (a) of 
collecting light fluxes emitted from the red light 
emitting diode 1(a), a green light emitting diode 1(b) 
as a green light source and a lens for green light 2 (b) 
of collecting light fluxes emitted from the green light 
emitting diode 1(b), a blue light emitting diode 1(c) 
as a blue light source and a lens for blue light 2(c) 
of collecting light fluxes emitted from the blue light 
emitting diode 1 (c) , a cross prism 3 of synthesizing the 
light fluxes emitted from the light emitting diodes 1 (a) , 
1(b) and 1(c), and a control instrument 10 controlling 
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the lighting period and the light intensity during 
lighting for each of the red light emitting diode 1(a), 
the green light emitting diode 1 (b) and the blue light 
emitting diode 1 (c) , an illumination unit 35 using lenses 
31, 33, 34 allowing a light flux to be shaped and uniformed 
according to an illumination region, a rod integrator 
32 allowing highly uniform illumination, and a prism 36 
guiding light transmitted* through the lens 34 to a 
reflection display element 41, the reflection display 
element 41 as a light modulation element modulating 
illuminating light, and a projection lens 51. 
[0050] 

In the light source unit 4, the light sources of three 
colors of the light emitting diodes 1(a), 1(b) and 1(c) 
are lighted in a time division manner, superimposition 
of images each displayed within a period for formation 
of one screen (about 17 milliseconds for image display 
of NTSC and the like) leads to a color image, and light 
formed by synthesizing three colors or light formed by 
superimposing three colors takes on a white color. 
[0051] 

Instead of the light emitting diodes 1(a), 1(b) and 
1(c), light sources emitting single-color light and 
having reduced rise and fall time, for example solid lasers 
such as a semiconductor laser and an Nd : YAG laser and 
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gas lasers such as an Ar laser may be used. Similarly, 
solid light sources having reduced rise and fall time 
and allowing instantaneous light-up and light-out within 
a period for formation of one screen (about 17 
milliseconds) , and other light sources may be used. 
[0052] 

Figure 1 shows the case where light fluxes emitted 
from the light emitting diodes 1(a), 1(b) and 1(c) of 
three primary colors are used for illumination of the 
reflection display element 41, and if emitted 
simultaneously, light fluxes of three colors collected 
using the lenses 2 (a) , 2 (b) and 2(c) for respective colors, 
respectively, are introduced into the illumination unit 

35 as white color chromatically synthesized at the cross 
prism 3. 

[0053] 

The light fluxes introduced into the illumination 
unit 35 are collected at the lens 31, pass through a 
uniforming and illuminating instrument such as the hallow 
cylindrical rod integrator 32 formed from a glass column 
or laminated mirrors, and an optical instrument such as 
the lens 33, and are orthogonally reflected at the prism 

36 to illuminate the reflection display element 41. In 
the reflection display element 41, light is reflected 
in a light modulated state, passes through the prism 36, 



and is projected onto a screen (not shown) via the 
projection lens 51 . In this way, an enlarged color image 
is displayed. 
[0054] 

In the configuration described above, the light 
source unit 4 and the control instrument 10 correspond 
to a configuration including a light source and a light 
emitting apparatus of the present invention, the red light 
emitting diode 1 (a) corresponds to a first light emitting 
instrument of the present invention, the green light 
emitting diode 1 (b) corresponds to a second light emitting 
instrument of the present invention, blue light emitting 
diode 1 (c) corresponds to a third light emitting 
instrument of the present invention, and the control 
instrument 10 corresponds to a control instrument of the 
present invention. The lenses 2(a), 2(b) and 2(c) for 
respective colors, the cross prism 3, the lenses 31, 33 
and 34, the prism 36 and the rod integrator 32 constitute 
a light collecting system of the present invention, the 
reflection display element 41 corresponds to a light 
modulation element of the present invention, and the 
projection lens 51 corresponds to a projection instrument 
of the present invention. 
[0055] 
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Control operations by the control instrument 10 of 
controlling he light intensity and the lighting period 
for the red light emitting diode 1(a), the green light 
emitting diode 1 (b) and the blue light emitting diode 
1(c) of the light source unit 4 of the projection image 
display apparatus of the embodiment of the present 
invention having the above configuration will be 
described with reference to Figure 2, and thereby one 
embodiment of a light emission method of the present 
invention will be described. Figure 2 shows a first 
example of the intensity and time schedule of light of 
each color output from the projection display apparatus 
under control by the control instrument 10. 
[0056] 

As shown in Figure 2 , the control instrument 10 divides 
a period T for display of one image into four equal periods 
each represented by T/4, assigns the sum of first three 
periods of the divided periods to periods Rt, Gt and Bt 
for the red light emitting diode 1(a), the blue light 
emitting diode 11(b) and the green light emitting diode 
1(c) of three primary colors, respectively, to emit light 
individually in a time division manner, and assigns the 
last one period to a period Wt for the red light emitting 
diode (8a), the blue light emitting diode 11(b) and the 
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green light emitting diode 1(c) of three primary colors 

to be lighted at the same time. 

[0057] 

At this time, the first three periods are treated 
as one period on the whole, and it is not necessary to 
light the single-color light emitting diodes for the same 
period. As shown in Figure 2, for the period for single 
light emission of single-color light, the period Gt for 
single light emission by the green light emission diode 
1(b) is the longest, i.e. T/4 or longer, the period Rt 
for single light emission by the red light emitting diode 
1(a) is the second longest, and the period Bt for single 
light emission by the blue light emitting diode 1 (c) is 
the shortest as in the example of the conventional 
projection display apparatus of Figure 12. In Figure 2, 
the period Rt for single light emission by the red light 
emitting diode 1 (a) corresponds to a first light emission 
period of the present invention, the period Gt for single 
light emission by the green light emitting diode 1 (b) 
corresponds to a second light emission period of the 
present invention, and the period Bt for single light 
emission by the blue light emitting diode 1 (b) corresponds 
to a third light emission period of the present invention. 
This matching relation is common in the examples described 
below . 
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[0058] 

Then, in the last one period Wt, the red light emitting 
diode 1(a), the blue light emitting diode 11(b) and the 
green light emitting diode 1(c) emit light at the same 
time, and therefore mixed white light is emitted from 
the light source unit 4 . Thus, for the period for display 
of one screen on the whole, single-color light of red, 
green and blue and white light are each projected in a 
time division manner. The period Wt for simultaneous 
light emission by the red light emitting diode 1(a) , the 
green light emitting diode 1 (b) and the blue light emitting 
diode 1 (b) corresponds to a fourth light emission period 
of the present invention. This matching relation is also 
common in the examples described below. 
[0059] 

As described in the example of the conventional 
projection display apparatus of Figure 12, in white light 
with formed by superimposing single-color light of three 
primary colors emitted in a time division manner, the 
period for single light emission of each single-color 
light is changed and the period for single light emission 
by the green light emitting diode is set to be the longest 
for ensuring a high color reproducibility, but if light 
is emitted for a light emission period longer than a 
predetermined light emission period for the green light 
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emitting diode, which allows an appropriate white color 
to be obtained, in order to obtain a larger light amount, 
the influence of the green color becomes significant in 
the white color, and thus the color reproducibility is 
degraded. 
[0060] 

In contrast to this, according to this embodiment, 
the period Wt for simultaneous light emission for 
superimposingmixed white light is provided. As a result, 
the sum of the light amounts in the period T for display 
of one image (regions 101, 102, 103, 104, 105 and 106 
in Figure 2) can be substantially increased, and the color 
reproducibility can be maintained without considerably 
disturbing the balance of the respective colors. 
[0061] 

Further, in this embodiment, the light intensity of 
each light emitting diode is made different for the case 
where the light emitting diodes individually emit light 
and the case where the light emitting diodes of three 
colors emit light at the same time. Only by this action, 
the brightness can be increased while a white color of 
high color reproducibility is maintained even if the 
lighting period for the green light emitting diode is 
prolonged. This will be described below. 
[0062] 

I 
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The case is considered where the above-mentioned 
light diode having a light output is used. 
[0063] 

Where the light amount when light is emitted with 
a single color on the basis of the period T for display 
of one image is 44 lumens for the red light emitting diode 
1(a), 80 lumens for the green light emitting diode 1(b) 
and 18 lumens for the blue light emitting diode 1 (c) , 
the brightness of each color is 11 lumens for red, 20 
lumens for green and 4.5 lumens for blue provided that 
the lighting period for each light emitting diode is 
equally T/4 . 
[0064] 

At this time, in order that the balance of three colors 
of a white color of high color reproducibility output 
by the projection display apparatus is such that the ratio 
of the light amounts of light of three colors is, for 
example, red: green: blue = 3:7:1, the light emission 
period for each single-color light is adjusted so that 
the light emission period for the red light emitting diode 
1 (a) is reduced fromT/4 to 97% thereof, the light emission 
period for the green light emitting diode 1(b) is increased 
from T/4 to 124% thereof, and the light emission period 
for the blue light emitting diode 1(c) is reduced from 
T/4 to 79% thereof. As a result, the light amount of each 
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single-color light is 10.6 lumens for red, 24.9 lumens 
for green and 3 . 6 lumens for blue, and it can be understood 
that the ratio of the light amounts of light of three 
colors is red: green: blue = about 3:7:1. The ratio of 
the light amounts is shown as a ratio of the areas of 
regions 101, 102 and 103 in the figure. 
[0065] 

In this way, for the light amount in the periods Rt, 
Gt and Bt for single light emission, light is emitted 
in a state in which the intensity of each single-color 
light is at the maximum, and the period over which each 
single-color light emitting diode emits light is adjusted 
to obtain a maximum brightness with a desired color balance . 
This adjustment is same as that in the example of the 
conventional projection display apparatus of Figure 12. 
[0066] 

On the other hand, in the period Wt for emitting light 
of three colors at the same time, which is subsequently 
carried out, the periods for the respective single-color 
light emitting diodes should be the same. Thus, if the 
respective single-color light emitting diodes all emit 
light at a maximum light intensity, the ratio of the light 
amounts of light of three colors in mixed white color 
is red: green: blue = 2.4:4.4:1 which is identical to 
the ratio of 44 lumens for red, 80 lumens for green and 
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18 lumens for blue, which is a maximum output for each 
single-color light, and the ratio of red: green: blue 
= 3:7:1 which is the ratio of the light amounts of light 
of three colors in mixed white color output by the 
projection display apparatus is disturbed. 
[0067] 

Thus, if the light intensities of the red and blue 
light emitting diodes so that the light intensity of the 
red light emitting diode 1(a) is reduced to 77.9% of the 
maximum light intensity, and the light intensity of the 
blue light emitting diode 1(c) is reduced to 63.5% of 
the maximum light intensity, while the light intensity 
of the green light emitting diode 1(b) is kept at the 
maximum light intensity, the ratio of the light amounts 
of light of three colors is red: green: blue = 
44x0.779:80x1.0:18x0.635 < 3:7:1. Therefore, 
substantially same values are obtained for the ratio of 
the light amounts in the period Wt for simultaneous light 
emission by the respective light emitting diodes and the 
ratio of the light amounts in the periods Rt, Gt and Bt 
for single light emission by the respective light emitting 
diodes, and thus mixed white light of high color 
reproducibility can be obtained. The ratio of the light 
amounts in the period Wt for simultaneous light emission 



is shown as a ratio of areas of regions 104, 105 and 106 

in the figure. 

[0068] 

As a result, the color reproducibility is kept high 
in the period T for display of one image both in white 
light by single time sequence light emission of red light, 
green light and blue light in the prior period of 3T/4 
and mixed white color in the latter period of T/4, and 
therefore white light with an increased light amount while 
the color reproducibility is kept high over the entire 
period T for display of one image. 
[0069] 

As described above, according to this embodiment, 
the periods Rt, Gt and Bt for the red light emitting diode 
1(a), the green light emitting diode 1(b) and the blue 
light emitting diode 1(c), respectively, to emit light 
with single colors, and the period Wt for the light emitting 
diodes to emit light at the same time are assigned within 
the period T for display of one image, and the light 
emission period is adjusted in the periods for single 
light emission with single colors and the light 
intensities are adjusted in the period for simultaneous 
light emission so that the ratio of the light amounts 
is substantially the same for the periods Rt, Gt and Bt 
for light emission with single colors and the period Wt 
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for simultaneous light emission, whereby the brightness 
can be increased while a white color of high color 
reproducibility is maintained. 
[0070] 

In the above description, the period T for display 
of one image is divided into four equal periods, the prior 
3T/4 is assigned to the light emission period for each 
monochromic, and the remaining T/4 is assigned to the 
period emitting light of three colors at the same time, 
but it is not required to specifically employ this 
allocation . And allocation of time for the light emission 
period for single-color light and the period for emitting 
light of three colors at the same time may be arbitrarily 
changed . 
[0071] 

Figure 3 shows an example in which the periods Rt, 
Gt and Bt for simultaneous emission of light of three 
colors for projecting mixed white light are increased 
to 1/2 of the display period, and the remaining half period 
is assigned to the light emission period Wt for display 
of single-color light. In this case, the ratio of the 
light amounts of respective single-color light 
represented by the ratio of the areas of regions 111, 
112 and 113 and the ratio of the light amounts of respective 
single-color light in mixed white light, represented by 
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the ratio of the areas of regions 114, 115 and 116 are 
substantially the same in the figure, and a projection 
display apparatus capable of projecting an image having 
an extremely large peak output of white color while 
maintaining a high color reproducibility can be provided. 
[0072] 

Next, Figure 4 shows an example in which the light 
emission periods Rt, Gt and Bt for display of single-color 
light are increased to 7/8 of the period T for display 
of one image, and the remaining period of T/8 is assigned 
to the period Wt for simultaneous emission of light of 
three colors . In this case, the ratio of the light amounts 
of respective single-color light represented by the ratio 
of the areas of regions 121, 122 and 123 and the ratio 
of the light amounts of respective single-color light 
in mixed white light, represented by the ratio of the 
areas of regions 124, 125 and 126 are substantially the 
same, and a projection display apparatus capable of 
projecting an image in which a peak output of white color 
decreases, but the light amount of display with a single 
color increases and a display portion with a single color 
is extremely bright while maintaining a high color 
reproducibility can be provided. 
[0073] 



Further, in the above description presented with 
reference to Figures 2 to 4, the order of light emission 
by the light emitting diodes within the period T for display 
of one image is single light emission by the red light 
emitting diode 1(a), followed by single light emission 
by the green light emitting diode 1 (b) , followed by single 
light emission by the blue light emitting diode 1 (c) , 
followed by emission of light of three colors at the same 
time, but the order of light emission is not limited thereto . 
As long as control of the above four types of lighting 
of light emitting diodes are each carried out with the 
light emission period and the light intensity adjusted 
as described above within the period T for display of 
one image, the light emitting diodes may be lighted in 
no particular order. 
[0074] 

Further, in the above description, single light 
emission with each single-color light is carried out 
continuously, and simultaneous emission of light of three 
colors is carried out continuously in the period T for 
display of one image, but each light emission may be carried 
out discontinuously . For example, as shown in Figure 5, 
the period for simultaneous emission of light of three 
colors is divided into three equal periods, and the divided 
periods are inserted between the period for single light 
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emission by the red light emitting diode 1(a) and the 
period for single light emission by the green light 
emitting diode 1 (b) , between the period for single light 
emission by the green light emitting diode 1 (b) and the 
period for single light emissionby the blue light emitting 
diode 1 (c) , and between the period for single light 
emission by the blue light emitting diode 1(c) and the 
period for single light emission by the red light emitting 
diode 1 (a) , respectively. In this case, the ratio of the 
light amounts of respective single-color light 
represented by the ratio of the areas of regions 131, 
132 and 133 and the ratio of the light amounts of respective 
single-color light in mixed white color, represented by 
the ratio of the areas of regions ( 134a+134b+134c) , 

(135a+135b+135c) and ( 136a+136b+136c) are substantially 
the same, and a projection display apparatus capable of 
equally dispersing a period for display of mixed white 
color displaying a gray scale screen having no significant 
color information within the period T for display of one 
image to project an image excellent in quality while 
maintaining a high color reproducibility can be provided. 

[0075] 

Further, the period for simultaneous emission of 
light of three colors may be divided into four or more 
equal periods. In addition, the period for single light 
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emission by the red light emitting diode 1 (a) , the period 
for single light emission by the green light emitting 
diode 1 (b) and the period for single light emission by 
the blue light emitting diode 1(c) may be divided into 
two or more equal periods. Figure 6 shows an example in 
which the period is divided into three periods, and in 
the display period of T/3 obtained by dividing the period 
T for display of one image, the periods for single light 
emission by the red light emitting diode 1(a) and the 
green light emitting diode 1 (b) , the period for single 
light emission by the blue light emitting diode 1 (c) and 
the period for simultaneous emission of light of three 
colors are completed, and this completed cycle 600 is 
repeated three times within the display period T for one 
screen. In this case, the ratio of respective 
single-color light in the period for single light emission 
within the period T for display of one image, represented 
by the ratio of the areas of regions ( lOla+lOlb+lOlC) , 
(102a+102b+102c) and ( 103a+103b+103c) and the ratio of 
the light amounts of single-color light in the period 
for simultaneous emission of light of three colors within 
the period T for display of one image, represented by 
the ratio of the areas of regions ( 104a+104b+104C) , 
(105a+ 105b+105c) and ( 106a+106b+106c) are kept 
substantially the same. Further, it is preferable that 

f 



the ratio of the light amounts of respective single-color 
light in the period for single light emission within each 
cycle 600 and the ratio of the light amounts of respective 
single-color light in the period for simultaneous 
emission of light of three colors within each cycle 600 
are substantially the same . In Figure 6, it is preferable 
that the ratio of the areas of regions 101a, 102a and 
103a and the ratio of the areas of regions 104a, 105a 
and 106a are substantially the same, the ratio of the 
areas of regions 101b, 102b and 103b and the ratio of 
the areas of regions 104b, 105b and 106b are substantially 
the same, and the ratio of the areas of regions 101c, 
102c and 103c and the ratio of the areas of regions 104c, 
105c and 106c are substantially the same. 
[0076] 

Further, it is preferable that the ratio of the light 
amounts of respective single-color light in the period 
for single light emission within all the cycles 600 within 
the period T for display of one image and the ratio of 
the light amounts of respective single-color light in 
the period for simultaneous emission of light of three 
colors within all the cycles 600 within the period T for 
display of one image are substantially the same . In Figure 
6, it is preferable that the ratio of the areas of regions 
101a, 102a and 103a, the ratio of the areas of regions 
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104a, 105a and 106a, the ratio of the areas of regions 
101b, 102b and 103b, and the ratio of the areas of regions 
104b, 105b and 106b, the ratio of the areas of regions 
101c, 102c and 103c, and the ratio of the areas of regions 
104c, 105c and 106c are all substantially the same. 
[0077] 

Further, division of the period for single light 
emission of each single-color light, division of the 
period for simultaneous emission of light of three colors, 
and division into respective cycles may be unequal 
division, instead of equal division, and the durations 
of the divided periods may be different. 
[0078] 

In short, the period for single light emission by 
the red light emitting diode 1 (a) , the period for single 
light emission by the green light emitting diode 1 (b) , 
the period for single light emission by the blue light 
emitting diode 1(c), and the period for simultaneous light 
emission by the three light emitting diodes should be 
effected within the period T for display of one image, 
and individual light emission periods should be assigned 
in a continuous or discontinuous (equally dividing or 
unequally dividing) manner. 
[0079] 
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Further, in the above description using Figures 2 
to 5, the ratios of the light amounts in the period for 
single light emission by the red light emitting diode 
1(a) , the period for single light emission by the green 
light emitting diode 1 (b) and the period for single light 
emission by the blue light emitting diode 1(c), and the 
ratio of the light amounts of respective single-color 
light in mixed white light by simultaneous light emission 
by the respective light emitting diodes are substantially 
the same , but the present invention is not limited thereto . 
That is, in the present invention, if a lack of the light 
amount of single-color light displayed in a time division 
manner can be compensated with mixed white color when 
single-color light of red, green and blue is emitted in 
a time division manner, the intended purpose can be 
achieved to some degree, and therefore the ratio of the 
light amounts in mixed white light and the ratio of the 
light amounts in the period for single light emission 
by each light emitting diode maybe different . For example, 
the ratio of the light amounts in mixed white light may 
be red: green: blue = 2.4:4.4:1 which is a ratio obtained 
when each light emitting diode emits light at a maximum 
light intensity, while the ratio of the light amounts 
in the period for single light emission by each light 
emitting diode is kept at red: green: blue = 3:7:1. In 



L 
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short, for achieving a high color reproducibility during 
color synthesis, the ratio of the light amounts should 
be determined such that the light amount of a light emitting 
diode of a color having an insufficient brightness is 
greater than the light amount of a light emitting diode 
of a different color. 
[0080] 

Further, in the examples shown in Figures 2 to 5, 
the ratio of the light amounts in the period for single 
light emission by each light emitting diode within period 
T for display of one image is red: green: blue = 3:7:1, 
and therefore the ratio of the light amounts of 
single- col or light in mixed white color may be arbitrarily 
changed to the extent that the light amount of the green 
light emitting diode 1 (b) is kept the largest in the ratio 
of the light amounts in the entire period for display 
of at least one image. At this time, the ratio of the 
light amounts in the period for single light emission 
by each light emitting diode may be changed while the 
ratio of the light amounts in mixed white light by 
simultaneous light emission by the respective light 
emitting diodes is fixed at red: green: blue = 3:7:1. 
[0081] 

In the above description, all the light emitting 
diodes emit light at a maximum light intensity within 
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the period for single light emissionby each light emitting 
diode, but in the present invention, the respective light 
intensities may be changed in the period for single light 
emission by each light emitting diode. At this time, the 
ratio of the light amounts in the period for single light 
emission by each light emitting diode and the ratio of 
the light amounts in mixed white light may be arbitrarily 
determined . 
[0082] 

As described above, in the present invention, at least 
one of the periods for light emission by the red light 
emitting diode 1 (a) , the green light emitting diode 1 (b) 
and the blue light emitting diode 1 (c) is made different 
from others in the period for single lighting of each 
light emitting diode, assigned within the period for 
display of one image, and to this period is assigned the 
period for simultaneous light emission by the red light 
emitting diode 1 (a) , the green light emitting diode 1 (b) 
and the green light emitting diode 1(c) . Adjustment of 
the light emission period and adjustment of the light 
intensity in the period for single light emission by each 
light emitting diode may be carried out not in an 
alternative manner but at the same time. 
[0083] 
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In the above description, a light emission control 
method in a situation in which the output of green light 
is low compared to a ratio of red, green and blue in good 
balance for obtaining an appropriate white color when 
referring to the light amount of the light emitting diode 
of Lumileds Co., Ltd- (U.S.) is shown, but when a product 
having a different light emission efficiency and 
introducible power, or a product other than products of 
Lumileds Co., Ltd. (U.S.) is used, a light source other 
than the green light source may emit light at a maximum 
light intensity because the light amount of red or blue 
light is small compared to a ratio of red, green and blue 
in good balance for obtaining an appropriate white color. 
[0084] 

In Figure 1, three lenses 31, 33 and 34, the rod 
integrator 32 and the prism 36 are shown as the illumination 
unit 35, and lenses in the optional path and a prism for 
bending an optical path are shown as an optical instrument 
of converting light introduced into the illumination unit 
35 into illuminating light having a shape and uniformity 
consistent with a size suitable for illuminating the 
reflection display element 41 to be illuminated, shown 
in the illumination unit 35, an optical system having 
no lens, an optical system having a plurality of single 
lenses in combination, or an optical system including 



an optical instrument such as a mirror (although not shown 
in the figure) may be implemented as a light collecting 
system. 
[0085] 

In Figure 1, the light source unit 4 chromatically 
synthesizing light emitted from the light emitting diodes 
1(a) to 1(c) of three colors and collected at he lenses 
2 (a) to 2 (c) , by the cross prism 3 is shown, but the light 
emitting apparatus of the present invention may have a 
configuration in which light fluxes of respective colors 
are synthesized by a color filter such as a dichroic mirror . 
[0086] 

The period for display of one image, to which the 
periods for single light emission by the red light emitting 
diode 1(a), single light emission by the green light 
emitting diode 1 (b) , single light emission by the blue 
light emitting diode 1 (c) and simultaneous light emission 
by the respective light emitting diodes are assigned, 
is about 17 milliseconds, i.e. a period for display of 
one image in NTSC image display, but a period for display 
of one image for PAL or other image signals may be adopted. 
That is, the duration of the period for display of one 
image is not limited as long as the above periods can 
be assigned within a period for the reflection display 
element 41 to display one screen. 
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[0087] 

In the above configuration, for obtaining white light 
using light emitting diodes as a light generating 
instrument of emitting single-color light, light emitted 
from the three types of light emitting diodes of red, 
green and blue is synthesized, but the white light is 
formed by such a light emission which may be such that 
light close to ultraviolet light or light having a 
wavelength in the ultraviolet range is emitted, when light 
having such a wavelength is incident, light is emitted 
from a fluorescent material fluorescing red, green and 
blue. Not only light of three colors of red, green and 
blue, but also light of four or more colors, such as red, 
yellow, green, cyan and blue, may be synthesized. 
[0088] 

Further, in Figure 1, the rod integrator 32 is used 
as an optical instrument allowing uniform illumination 
by the illumination unit 35, but a first lens array 301 
and a second lens array 302 having a plurality of lenses 
arranged tow-dimensionally may be used as shown in Figure 
7. 

[0089] 

Further, in the projection display apparatus 
described above, the reflection display element 41 is 
used as an image display element, but the projection 



display apparatus may be a projection display apparatus 
having a transmission display element, a DMD (digital 
micro-mirror device) capable of changing the reflection 
direction by very small mirrors arranged in the form of 
an array, or a display element like as a liquid crystal 
as a light modulation element of the present invention. 
[0090] 

Further, in the projection display apparatus 
described above, the number of light emitting diodes 1 
as a solid light source is 1 for each single color, which 
is a minimum number, but the number of light emitting 
diodes is not specifically limited to 1 for each single 
color, and the light generating instrument may be formed 
using a plurality of light emitting diodes. 
[0091] 

A program according to the present invention may be 
a program of performing all or part of the function of 
the control instrument 10 of the above light emitting 
apparatus of the present invention by a computer, the 
program operating in collaboration with the computer. 
[0092] 

The present invention may be a medium recording a 
program of performing all or part of the function of the 
above control instrument 10 of the present invention by 
a computer, wherein the medium is readable by the computer, 



and the read program performs the function in 

collaboration with the computer. 

[0093] 

A recording medium capable of being read by a computer 
in which a program of the present invention is recorded 
is also included in the present invention. 
[0094] 

One usage form of the program of the present invention 
may be an aspect in which the program is recorded in the 
recording medium capable of being read by a computer, 
and operates in collaboration with a computer. 
[0095] 

One usage form of the program of the present invention 
maybe an aspect in which the program is transmitted through 
a transmission medium and read by a computer, and operates 
in collaboration with the computer. 
[0096] 

The data structure of the present invention includes 
a database, a data format, a data table, a data list, 
a data type and the like. 
[0097] 

Recording media include a ROM and the like, and 
transmission media include transmission mechanisms such 
as Internet, light, electric waves, acoustic waves and 
the like. 
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[0098] 

The above computer of the present invention may 
include not only pure hardware such as a CPU but also 
firmware, OS and peripheral devices. 
[0099] 

As described above, the configuration of the present 
invention may be realized software-wise or realized 
hardware-wise . 

Industrial Applicability 
[0100] 

A light emitting apparatus and a projection display 
apparatus according to the present invention can be 
adapted to a display apparatus capable of projecting 
images, such as a projection display apparatus requiring 
an effect of obtaining a high light utilization efficiency 
using a light source emitting single-color light, which 
is represented by a solid light source such as a light 
emitting diode. 



